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Wnro-TUMKEL INVESTIGATION OF HORIZONTAL TAILS . 
II - UNSWEPT AND 35° SWEPT-BACK PLAN FORMS OF 
ASPECT RATIO 4.5 
By Jules B. Dods, Jr. 


SUMMARY 

The results of a wind-tunnel investigation of the low— speed 
aerodynamic characteristics of two semispan horizontal tails having 
unswept and 35° swept— back plan forms are presented. The two models 
had an aspect ratio of 4.5, taper ratio of 0.5, and an NACA 64A010 
airfoil section. The data presented supplement previously reported 
results of tests of models having the same airfoil section, taper 
ratio, and sweepback, but with an aspect ratio of 3.0. 

Test results are presented for the models with and without 
standard roughness applied to their leading edges and with sealed 
and unsealed radius— nose elevators . 

The major effect of sweepback, as measured from the tests of 
the two models, was to reduce the rate of change of hinge— moment 
coefficient with elevator deflection and to reduce the elevator 
effectiveness. The difference between the rates of change of 
hinge-moment coefficient with angle of attack for the unswept and 
swept— back models was found to be negligible . 


INTRODUCTION 

A systematic investigation of the control— surface character- 
istics, particularly the hinge-moment parameters, of semispan 
horizontal tail surfaces has been undertaken by the NACA to provide 
experimental results for a comparison with those parameters computed 
by the lifting— surface theory. Reference 1 presented the experi- 
mental results obtained from wind-tunnel tests of models of aspect 
ratio 3 } and the present report extends the experimental data to 
include an aspect ratio of 4.5. Comparisons with the theoretical 
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calculations are not presented herein, but will await the results 
of further tests and analysis. 

Another equally important purpose of the investigation was to 
evaluate the effects of sweepback on the horizontal— tail parameters 
by a comparison of the results of tests of two models with the same 
aspect ratio, area, taper ratio, and airfoil section, differing mainly 
in the angle of sweepback. 


COEFFICIENTB AND SYMBOIS 

The coefficients and symbols as used throughout the report are 

defined as follows: 

C L lift coefficient (L/qS) 

C h elevator hinge-moment coefficient (H/qS Q Cg) (See appendix.) 

C m pitching-moment coefficient [M/qS(M.A.C . )J 

Ap/q pressure coefficient across elevator-nose seal (pressure 

below seal minus pressure above seal divided by the 
dynamic pressure) 

A aspect ratio (2b 2 /s) 

a corrected angle of attack, degrees 

b span of the semispan model measured perpendicular to 

the plane of symmetry, feet 

b e * span of the elevator of the semispan model measured 

along the hinge line, feet 

c chord of the semispan model measured parallel to the 

plane of symmetry, feet 

c e ’ chord of the elevator aft of the hinge line measured 

perpendicular to the hinge line, feet 

c e root>-mean— square elevator chord aft of the hinge line 

measured parallel to the plane of symmetry, feet 

c e ' root-mean— square elevator chord aft of the hinge line 

measured perpendicular to the hinge line, feet 

6 g elevator deflection (positive when trailing edge of 

elevator is down) measured in a plane normal to 
the hinge line, degrees 
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H 

L 

M 

M A 

M.A.C. 

q 


hinge moment, foot-pounds 
lift, pounds 



pitching moment about a lateral axis through the 0.25 
M.A.C. point, foot-pounds 

first moment of the elevator area aft of the hinge line 
about the hinge line, cubic' feet 


mean aerodynamic chord, feet 

free — stream dynamic pressure (ip V 2 ) , pounds per square 


foot 
Reynolds number 


pV(M.A.C.) 

P 


P 

P 

V 

S 

S c 


density of air, slugs per cubic foot 

absolute viscosity, slugs per foot-second 

velocity of air, feet per second 

area of semispan horizontal tail, square feet 

area of semispan elevator aft of hinge line, square 
feet 


In addition, the following symbols are used: 


/d c i\ 


6 e = 0 




"ha 


C k6 fi 


•(S) 

/dCh*, 


V3a 


a = 0 


= 0 


(measured through a = 0) 


(measured through 6 e = 0) 


(measured through a = 0) 





a = 0 


(measured through &e = 0) 
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a 8e 



°La 


elevator— effectiveness parameter 


MODEIS 

The models tested in this investigation had an aspect ratio of 
4,5 and a taper ratio (ratio of tip chord to root chord) of 0„5. 

The 0.25-chord lines were swept back 7-6° for the unswept model and 
35° for the swept— back model, as shown in figure 1. 

The airfoil sections were the same as for the models of reference 
1. The slight discrepancies between the model coordinates and the 
true NACA 64A010 coordinates (table I) are not considered important. 
The airfoil sections were perpendicular to the 0.70-chord line 
(elevator hinge line) for the unswept plan form and perpendicular to 
the 0.25-chord line for the swept— back plan form. 

Both models were equipped with sealed radius-nose elevators. 

For the unswept model the elevator chord aft of the hinge line was 
0.30 of the tail chord perpendicular to the 0.70-chord line. The 
elevator chord of the swept— back model was 0.30 of the tail chord 
perpendicular to the 0.25-chord line. (See fig. 1(b).) Because 
the elevator-chord ratios were held constant in the manner explained 
above, the ratios of elevator area to total surface area were differ- 
ent (0.300 for the unswept model and 0.271 for the swept— back model). 

The gaps between the elevators and the shrouds and the gaps 
between the elevator noses and the balance plates (seal gap) are 
shown in figure 1. Pressure orifices were located in the balance 
chambers enclosed by the shrouds both above and below the seal at 
four spanwise stations. In addition to the seal across the elevator- 
nose gap, the ends of the balance chamber were sealed at the root 
section and at the outboard hinge bracket. The pressure orifices 
at 91 percent span were outboard of the elevator hinge bracket. 

The tip shapes were formed by rotating the tip airfoil section 
parallel to the undisturbed air stream about a line inboard of the 
tip, a distance equal to the maximum tip ordinate. 

Photographs showing the models mounted in the wind tunnel are 
given in figures 2 and 3. 
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TESTS 

The models were mounted on a turntable flush with the floor of 
one of the Ames 7— by 10-foot wind tunnels. (See figs. 2 and 3.) 

Hie tests were conducted with a dynamic pressure of 57 pounds per 
square foot, corresponding to a Reynolds number of 3.0 x 10 s . For 
those tests with leading-edge roughness, standard roughness was 
applied in the manner described in reference 2. 

Model lift and pitching moment were measured by the wind-tunnel 
balance system. Elevator hinge moments were measured by a resistance- 
type torsional strain gage. Pressures above and below the elevator- 
nose seal, in the balance chamber were measured by a manometer connected 
to the orifices in the balance chamber. 

All coefficients and the angle of attack have been corrected for 
the effects of the tunnel walls by methods similar to those of 
reference 3* The corrections listed below were added to the data 
for both the unswept and the swept-back models: 


Zn,! 

= c-950 

Zsa, 2 

= 0.108 Ci^ (1 

^Cm 

= 0.00307 CLu 


= 0.0042k CLu 

cl 

= 0.99k CLu 


where 

^a-i Jet-boundary correction to angle of attack 

Ax 2 streamline-curvature correction to angle of attack 

^m correction to pitching-moment coefficient 

AChQ correction to hinge-moment coefficient 

C]^ uncorrected lift coefficient 
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EESULIS AND DISCUSSION 

The results of tests of the unswept tail are presented in 
figures 4 to 8 and those for the swept-^back tail are presented in 
figures 9 to 13. The variations of lift, hinge-moment, and pitching- 
moment coefficients with angle of attack are given in figures 4 and 
9. Hinge-moment coefficients are also shown as a function of the 
elevator angle for various angles of attack in figures 5 and 10. In 
addition, the variation of the pressure ccefficient across the 
elevator— nose seal with angle of attack is presented in figures 6 
and 11. The effects of standard leading-edge roughness and removal 
of the elevator seal on the lift and hinge-moment coefficients are 
shown in figures 7 and 8 for the unswept model and in figures 12 
and 13 for the swept— back model. A summary of the parameters 
measured is given in table II. 


Effectiveness and Hinge-Moment Parameters 

The lift effectiveness and the hinge— moment parameters are 

listed in table II for the two tails. As shown in the table, 

changed from -0.0020 for the unswept model to -0.0021 for the swepi>- 

back model; the change in was from -0,0095 to -O.OO69, and 

0 

the elevator-effectiveness parameter as g was changed from -0.68 to 
-0,52. The value of CLs e was reduced from 0.045 to 0,032, and 

Ci^ was reduced from 0.066 to 0.061. Although the major part of 
the change in parameters can be attributed to sweepback, the possi- 
bility of effects due to the difference in the ratio of elevator 
area to total surface area between the two models should be noted. 


Static Longitudinal Stability 

The pitching moments about the one— quarter M.A.C. point 
indicate a stabilizing effect of sweepback. The unswept model was 
statically unstable [ (dC m /da) ^=0.0014 measured through zero angle 

of attack], while the swept-back model was neutrally stable. A 
negative deflection of the elevators reduced the stability of both 
models as shown in figures 4(c) and 9 (c). 

Reference 4 would predict that, at the stall, the static longi- 
tudinal stability of the unswept model would increase markedly and 
that the stability of the swept-back model would be marginal. The 
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experimental results of figures 4(c) and 9 (c) agree with this pre- 
diction. 


Effect of Standard Roughness 

The effects of standard leading— edge roughness (elevator sealed) 
upon the lift and hinge-moment coefficients are shown in figure 7 for 
the unswept model and in figure 12 for the swept— back model. 

Standard roughness on the unswept model increased the maximum 
lift coefficient, by 0.04 with the elevator undeflected, and by 
0.10 with the elevator deflected either down 4° or up 15°. These 
increases were obtained primarily because of a delay in the angle 
of stall. Tiie improvement in the lift characteristics by roughness 
also resulted in less severe changes in the hinge-moment coeffi- 
cients near the stall. The value of Ch a of -0.0020 for the smooth 
unswept model was changed to -0.0013 by the addition of standard 
roughness, and Chs e was changed from -0.0095 to -0.0080. 

Standard roughness on the swept-back tail had little effect 
on the maximum lift coefficients for any elevator deflection or on 
the hinge-moment coefficients near the stall. The value of Ch a of 
-0.0021 for the smooth 3wept— back tail was changed to -0.0024 by 
roughness, and Chs e was changed from -O.OO69 to -0.0064. These 
effects of roughness on the characteristics of the models having 
an aspect ratio of 4.5 were considerably greater than those measured 
for the unswept and the swept— back models of aspect ratio 3 
(reference l). 

As shown in figure 4(a), a different type of stall was measured 
for the unswept model at positive and negative angles of attack. A 
similar result was found for the unswept model of reference 1. Tuft 
studies have indicated that this difference does exist. Measurements 
have shown that the twist of the models was negligible and that the 
contours of the upper and lower surfaces were not appreciably 
different. Thus, the reason for the unsymmetrical stall is not 
understood. 


Effect of Removing Elevator-Nose Seal 

The greatest effect of removing the elevator-eiose seal (models 
in smooth condition) was to reduce the lift-effectiveness parameter 
CLg e * As shown in table IT, ^L& e was reduced from 0.045 to 0.041 
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(9 percent) for the unswept tail, ani it was reduced from O.O32 to 

0.030 (6 percent) for the swept— back tail. The hinge-moment parame- 
ters were relatively unaffected for either tail. However, for large 
elevator deflections, an appreciable change in the hinge-moment 
coefficients was measured, as shown in figures 8(b) and 13(b). 


CONCLUSIONS 

The results of tests conducted to determine the low— speed aero- 
dynamic characteristics of horizontal tails of aspect ratio k .5 
having unswept and swept-hack plan forms indicate that: 


1. The value of Che, was changed from —0.0095 for the 


6 u 

unswept tail to —0.0069 for the 35 swept— back tail, 
C^ was negligible. 


The change in 


2. The elevator-effectiveness parameter a.5 e was changed from 
-0.68 for the unswept model to -0.52 for the swept-hack model. 

3. The effect of standard leading-edge roughness was greater 
for the unswept model than for the swept-back model. The maximum 
lift coefficient of the unswept tail was increased from O.87 to O.9I 
with an elevator deflection of 0°, and the changes of hinge-moment 
coefficient were less severe near the stall. Practically no effect 
of roughness was observed for the swept— back tail. 

L . Removal of the elevator-nose seal had the greatest effect 
upon the elevator effectiveness of the unswept tail. The hinge- 
moment parameters were relatively unaffected for both tails. 


Ames Aeronautical Laboratory, 

National. Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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APPENDIX 

Conversion Factors for Hinge-Moment Coefficients 

Because several methods are in use for the computation of hinge- 
moment coefficients, particularly for swept-back lifting surfaces, 
conversion factors for the various methods are presented. To obtain 
the hinge-moment coefficients for one of the listed methods, multiply 
the value of the hinge-moment coefficients of this report by the 
corresponding conversion factor in the following table: 


Equations for 

hinge-moment 

coefficients 

Cnswept model 

Swept-back model 

H 

qChe 

(ft®) 

Conversion 

factor 

1 H 

qCb e 

(ft 3 ) 

Conversion 

factor 

C}^ = 

9S0C0 

1-956 

1.000 

1.594 

1.000 

Che = — =-r 
qbo e 2 

1.994 

.981 

1.624 

.982 


1.994 

.981 

l.4lo 

1.130 

10 " sW 2 

1 

I 1.994 

.981 

1.410 

1.130 
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TABLE I.- COORDINATES FOR THE NACA 64A010 
AIRFOIL AND THE MODELS TESTED 


[ All Dimensions in Percent of Wing Chord ] 


- Upper and Lower Surfaces 

Station 

NACA 64A010 

Model 

ordinate 

ordinate 

0 

0 

0 

.50 

.804 

.819 

• 75 

.969 

.987 

1.25 

1.225 

1.247 

2.50 

1.688 

I .696 

5.00 

2.327 

2.333 

7.50 

2.805 

2.780 

10.00 

3.199 

3.202 

15.00 

3.813 

3.816 

20.00 

4.272 

4.280 

25.00 

4.606 

4.610 

30.00 

4.837 

4.842 

35.00 

4.968 

4.950 

40.00 

4.995 

4.975 

45.00 

4.894 

4.889 

50.00 

4.684 

4.672 

55.00 

4.388 

4.373 

60.00 

4.021 

4.011 

65 .OO 

3.597 

3.594 

70.00 

3.127 

3.131 

75.00 

2.623 

2.637 

80.00 

2.103 

2.120 

85 .OO 

1.582 

1.595 

90.00 

1.062 

1.071 

95.00 

.541 

.553 

100.00 

.021 

0 

L.E. radius O^f 1 T.E. radius 0.023 a 


^ame for NACA 64A010 airfoil and 
model ordinates. 
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TABLE II A SUMMARY OF THE LIFT AND HINGE-410I4ENT 
PARAMETERS OF THE UNSWEPT AND 35° SWEPT-BACK 
MODELS OF ASPECT RATIO 4.5 


Parameter 

Models in 
normal 
condition 

Models with 
standard leading- 
edge roughness 

Elevator^ 
nose seal 
removed 

Un swept 


-0.0020 

-0.0018 

-0.0020 

o 

o> 

CD 

-.0095 

-.0080 

-.0096 

°I<X 

.066 

,066 

.066 

c L 5e 

.045 

.042 

.041 

<2 

0 

-.68 

-.64 

-.62 

Swept— back 

C ha 

-0.0021 

-0.0024 

-0.0021 

Ch 5e 

-.OO69 

-.0064 

-.0067 

°I<x 

.061 

.062 

.059 

c L6 e 

.032 

.032 

.030 

a 5 e 

-.52 

-.52 

-o5l 
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Unswept 

Swept-back 


Aspect ratio 

4.5 

4.5 


Taper ratio 

0.5 

0.5 


Area semispan 

10. 083 ft. 2 

10.083ft: 

Drawing dimensions 

Elevator area 

3.025 ft. 2 

2.729 ft. 2 

in inches 

?e 

0.647ft. 

0.584 ft. 


M.A.C. 

2.195 ft 

2.195 ft. 



(a). U n swept . 


(b). Swept-back . 


UJ 


Figure /.- Plan forms of the horizontal tail models of aspect ratio 4.5. 
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(a) Three— quarter front view. (b) Side view. 

Figure 2„— The unswept tail mounted in the 7~ by 10— foot wind tunnel. 
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(a) Three-quarter front view„ 


(b) Three-quarter rear view. 
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Figure 3.- The 35° swept-back tail mounted in the 7- by 10-foot wind tunnel. 
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(a) Lift coefficient 


Figure 4.- Lift, hinge-moment, and pitching-moment coefficients 
of the unswept tail. Aspect ratio 4.5 ; R, 3.0 x !0 6 


Hinge- moment coefficient, 
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(b) Hinge-moment coefficient 


Figure 4 — continued. 


Pitching-moment coefficient, 


MCA EM No, A8B11 


21 



(c) Pitching-moment coefficient 


Figure. 4 —concluded. 


Hinge— moment coefficient, 
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Figure 5- Variation of hinge-moment c oefficient with 

elevator deflection f or various angles of attack of 

6 

the unswept tail. Aspect ratio, 4.5-, R, 3.0 x 10. 
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Angle of attack, a., deg 

(a) 8 e - e: o°, -4° 

Figure 6.- Variation of pressure coefficient across elevator-nose 
seal with angle of attack of the unswept tail. Aspect 
ratio, 4.5 ■ R, 3.0 x SO 6 


2k 
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Angle of attack , a, deg 


(b) 8 e • - 9 * -/5* 


Figure. 6 —concluded. 
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fa) Lift coefficient 

Figure 7- Comparison of the lift and hinge -moment coef- 
ficients of the smooth and rough unswept tail . Aspect 
ratio, 4.5; R,3.0 x iO 6 
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(b) Hinge-moment coefficient 


Figure. 7 -concluded. 
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(a) Lift coefficient. 

Figure 8.- Comparison of the lift and hinge-moment 

coefficients with and without elevator seat on the 

£ 

unswept tail. Aspect ratio , 4.5 ■ R, 3.0 x tO. 
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(b) Hinge-moment coefficient. 


Figure. 8 -concluded. 
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-28 -24 -20 -16 -12 -8 -4 0 4 8 

Angle of attack , a, deg 


12 16 20 24 28 


(a) Lift coefficient. 


Figure 9.- Lift , hinge-moment , and pitching-moment coefficients of the 35° swept-back 
tail. Aspect ratio, 4.5 ■ R, 3.0 x to 6 


30 


NACA EM No. ABB!! 



(b) Hinge-moment coefficient 


Figure 9 - continued. 


Pitching-moment coefficient, 



Angle of attack, a, deg 

(c) Pitching -moment coefficient. 


Figure. 9 —concluded. 
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-24 - 20 -16 -12 - 8 -4 O 4 8 12 

Elevator deflection 8 e ,deg 

Figure 10.- Variation of hinge-moment coefficients with 
elevator deflection for various angles of attack of the 

o 6 

35 swept-back tail. Aspect ratio, 4.5 ; R, 3.0 x to. 
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-8-4 0 4 8 12 16 20 24 28 32 

Angle of attack , a, deg 


(a) 8 e - 6, 0, -4° 

Figure //.- Variation of pressure coefficient across elevator-nose 
seat with angle of attack of the 35° swept- bock toil. 
Aspect ratio, 4.5-, R, 3.0 x 10 . 


Pressure coefficient across elevator— nose seal, 
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(b) S e - -9,° -IS? -20° 
Figure. // —concluded. 
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0 4 8 12 16 20 24 28 32 


Angle of attack , a, deg 

(a) Lift coefficient 

Figure 12 - Comparison of the lift and hinge-moment coef- 
ficients of the smooth and rough 35° swept- back tail. 

£ 

Aspect ratio, 4.5 ; R, 3.0x/0. 
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(b) Hinge-moment coefficient 


Figure. !2 —concluded. 
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Angle of attack , a, deg 

(a) Lift coefficient 

Figure 13.- Comparison of the lift and hinge-moment 
coefficients with and without elevator seal on the 35° 
swept-back tail. Aspect ratio, 4.5-, R, 3.0 x iO . 


Hinge-moment coefficient, 
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Angle of attack, a, deg 


(b) Hinge-moment coefficient 


Figure. /J -concluded. 


